Essential oils from Calyptranthes pittieri (Lauraceae), Cinnamomum tonduzii (Lauraceae), Croton niveus and C. monteverdensis (Euphorbiaceae), Dendropanax arboreus (Araliaceae), Eugenia austin-smithii and E. haberi (Myrtaceae), Myrcianthes fragrans and M. rhopaloides (Myrtaceae), Nectandra membranacea (Lauraceae), Ocotea floribunda (Lauraceae), Oreopanax xalapensis (Araliaceae), Piper umbellatum (Piperaceae), Psidium guajava (Myrtaceae), Stauranthus perforatus (Rutaceae), Zanthoxylum acuminatum, Z. melanostictum, Z. monophyllum, and Zanthoxylum sp. nov. "brillante" (Rutaceae), have been screened for cytotoxic activity against a panel of human tumor cell lines, antibacterial activity against Gram-positive and Gram-negative bacteria, as well as brine shrimp (Artemia salina) lethality.
For thousands of years, plant products and their modified derivatives have been rich sources for clinically useful drugs. Even today, about 80% of the world's population relies predominantly on plants and plant extracts for health care. A recent study has shown that, of the top 150 proprietary drugs used in the United States, 57% contain at least one major active compound currently or once derived from (or patterned after) compounds derived from natural sources [1] .
Tropical rainforests afford an abundance of plant species [2] , but the phytopharmaceutical potential of these rainforests is still largely unexplored [3] [4] [5] [6] . The potential medicinal value of tropical rainforests is due not only to the species richness of the tropical flora, but also to the diversity of pathogens, parasites, and herbivores against which the plants must defend themselves.
The diversity of consumers has inevitably selected for a diversity of chemical defensive mechanisms (see, e.g., [7] ). Many of these chemical defenses, because of their metabolic precision, can be used to treat human maladies.
The Monteverde region of the central Cordillera de Tilarán in northwestern Costa Rica is, like most tropical montane areas, physiographically and climatically diverse [8] . This environmental diversity results in an extraordinarily high between-site component of biodiversity; disjunct patches of tropical dry forest occupy edaphically dry narrow ridges on the upper Pacific slope only 4 km from true lower montane rain forests along the crest of the Cordillera [8, 9] . Consequently the region is among the floristically most diverse in the world. The slopes of the Cordillera above 1200 m elevation contain ~1700 plant species -roughly the number in the La Selva Biological Station in the Caribbean lowlands of Costa Rica, or in the floodplains and upland terraces along the Rio Manú in the Amazonian lowlands of Peru -while the area above 700 m in the Cordillera de Tilarán contains ~3000 plant species.
In this work, we present the bioactivity screening of a variety of essential oils from 19 and S. perforatus) were active against brine shrimp (LC 50 < 10 μg/mL). None of the essential oils was active against Gram-negative bacteria and only two (C. niveus and O. floribunda) showed notable activity against S. aureus (MIC = 78 μg/mL).
The essential oil with the broadest cytotoxicity was Calyptranthes pittieri (Myrtaceae) with ≥ 50% killing on three different cell lines. The most abundant components in C. pittieri leaf oil were linalool (54.6%), trans-2-hexenal (24.4%), α-terpineol (6.3%), and 4-terpineol (4.6%) [10] . Of these, both trans-2-hexenal [11, 12] and 4-terpineol [13] are known to be cytotoxic, and likely account for the activity of the oil. C. pittieri leaf oil was not particularly toxic to brine shrimp and did not show appreciable antibacterial activity.
Croton monteverdensis (Euphorbiaceae) bark essential oil showed notable brine shrimp toxicity but was otherwise inactive. The abundant components in C. monteverdensis, α-pinene (17.1%) and β-pinene (10.5%) [14] may account, in part, for the observed brine shrimp lethality [15] . C. niveus, on the other hand, was slightly cytotoxic to MCF-7 cells and showed antibacterial activity on S. aureus. The major components of C. niveus bark oil, α-pinene (14%), 1,8-cineole (12%) and borneol (9%) [16] do not, by themselves, account for the observed activity. Both Eugenia austin-smithii and E. haberi (Myrtaceae) leaf oils were cytotoxic to SK-Mel-28 cells. The cytotoxicity observed is likely due to the relatively high concentrations of trans-2-hexenal in the two oils (33.6% and 22.1%, respectively) [16] . These leaf oils are also rich in α-terpineol (16.3% and 19.4%, respectively), but this compound has not been reported to be cytotoxic. 4-Terpineol has shown cytotoxic activity against melanoma cells [13] , and this compound is present in E. austin-smithii and E. haberi leaf oils (5.7% and 4.7%, respectively) [16] .
Myrcianthes fragrans (Myrtaceae), rich in cis-3hexenol (10.0%), 1,3,5-trimethoxybenzene (15.7%), spathulenol (7.5%), caryophyllene oxide (7.8%), and α-cadinol (10.4%) [17] , was cytotoxic to Hep G2 and SK-Mel-28 cells. Of these compounds, spathulenol [18] , caryophyllene oxide [19] , and α-cadinol [20] have been shown to be cytotoxic. M. rhopaloides, on the other hand, has abundant trans-2-hexenal (46.1%) in addition to 1,8-cineole (12.5%) and α-cadinol (6.7%) [17] . The high concentrations of trans-2hexenal in addition to α-cadinol are likely responsible to the cytotoxicity of M. rhopaloides leaf oil on SK-Mel-28 cells.
Both Nectandra membranacea and Ocotea floribunda (Lauraceae) leaf oils showed remarkable toxicity toward brine shrimp (LC 50 = 3.7 μg/mL).
Both of these oils are rich in αand β-pinenes (22.4% and 12.6%, respectively in N. membranacea [21] , and 22.5% and 21.3% in O. floribunda [22] ), and these compounds have shown brine shrimp lethality [15] . The pinenes, along with kaurene (34%) are probably responsible for the cytotoxicity of O. floribunda leaf oil toward Hep G2 cells [15] .
Dendropanax arboreus and Oreopanax xalapensis (Araliaceae) leaf oils revealed cytotoxicity on the melanoma cell line, SK-Mel-28. Both of these oils are dominated by germacrene D (34% and 32%, respectively ( Table 2) , which has shown cytotoxicity [19] . In addition, both D. arboreus and O. xalapensis contain shyobunol (7.6% and 22.0%, respectively), a hydrate of δ-elemene, and D. arboreus contains the cytotoxic spathulenol (5.8%).
Stauranthus perforatus (Rutaceae) leaf oil, which was not active in any other screen, did show notable brine shrimp lethality. The oil had some α-pinene (8.4%) and some limonene (7.2%) with abundant germacrene D [23] . While α-pinene and limonene do show brine shrimp lethality [15] , germacrene D is inactive [24] .
Experimental

Collection and Analysis of Essential Oils:
The collection, hydrodistillation, and GC-MS analyses of essential oils from Calyptranthes pittieri [10] , Cinnamomum tonduzii [25] , Croton niveus and C. monteverdensis [14] , Eugenia austin-smithii and E. haberi [14] , Myrcianthes fragrans and M. rhopaloides [17] , Nectandra membranacea [21] , Ocotea floribunda [22] , Piper umbellatum [26] , Psidium guajava [17] The leaf essential oils were analyzed by GC-MS as previously described [28] . The chemical compositions of D. arboreus and O. xalapensis leaf oils are summarized in Table 2 . , and SK-Mel-28 (ATCC No. HTB-72) cells was carried out using the MTS method for cell viability as previously described [29] .
Antibacterial Screening:
Essential oils were screened for antibacterial susceptibility against Gram-positive bacteria, Bacillus cereus (ATCC No. 14579), Staphylococcus aureus (ATCC No. 29213); Gram-negative bacteria, Pseudomonas aeruginosa (ATCC No. 27853) and Escherichia coli (ATCC No. 25922), using the microbroth dilution technique as described previously [29] .
Brine Shrimp Lethality Screening: Brine shrimp (Artemia salina) lethality tests were carried out using a modification of the procedure described by McLaughlin [30] . Solutions of crude extracts (1% w/w in DMSO) were added to brine shrimp suspensions to give final concentrations of 100, 10, 1, and 0.1 μg/mL (three replicates each plus DMSO controls). LC 50 values (concentrations of extracts that are lethal to 50% of the organisms) were determined using the Reed-Muench method [31] .
